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0LODQ /D]HFNê ,YDQD +ODYiþRYi 'DYLG .RFLFK
 ,7,QQRYDWLRQV 96%78 2VWUDYD (PDLO PLODQOD]HFN\#YVEF]
*,6$7 &RUS 3UDJXH (PDLO KODYDFRYD#LQVDUF]
 ,QVWLWXWH RI *HRLQIRUPDWLFV 96%78 2VWUDYD (PDLO GDYLGNRFLFK#YVEF]
$EVWUDFW
7KH WRSLF RI WKLV ZRUN FRYHUV FXUUHQW LPSOHPHQWDWLRQ RI VDWHOOLWH UDGDU 6$5 LQWHUIHURPHWU\ ,Q6$5
WHFKQLTXHV IRU URXWLQH LGHQWLILFDWLRQ RI G\QDPLF ODQG SURFHVVHV VXFK DV GRZQKLOO FUHHS DQG ODQGVOLGH DFWLYLW\
VXEVLGHQFH RU GLVSODFHPHQWV RI YDULRXV REMHFWV RI LQIUDVWUXFWXUH :LWK WKH HPHUJH RI (XURSHDQ &RSHUQLFXV
SURJUDPPH WKH QHHG RI HIIHFWLYLW\ LQ VDWHOOLWH %LJ 'DWD SURFHVVLQJ LQFUHDVHG 7KHUH DUH WZR 6HQWLQHO
VDWHOOLWHV REVHUYLQJ WKH (DUWK ZLWK  GD\V UHYLVLW WLPH VHQGLQJ GDLO\  7% RI GDWD WR EH DUFKLYHG ,Q FDVH RI
WKH UHODWLYHO\ VPDOO DUHD RI &]HFKLD WKH DPRXQW RI GDWD WR EH DUFKLYHG LQ D &]HFK QDWLRQDO PLUURU LV DURXQG
 *% SHU GD\
&]HFK &(61(7 HLQIUDVWUXFWXUH KDV DFFHSWHG WKH UROH RI DVVHVVLQJ &RSHUQLFXV *URXQG 6HJPHQW
SURJUDPPH $ GDWDEDVH PLUURULQJ 6HQWLQHO GDWD RYHU &]HFKLD LV HVWDEOLVKHG KRZHYHU VWLOO LQ LWV HDUO\ VWDJH $
SRWHQWLDO VHUYLFH EDVHG RQ DQ LQWHUIHURPHWULF SURFHVVLQJ RI 6HQWLQHO GDWD IURP WKLV GDWDEDVH KDV EHHQ
SUHSDUHG LQ &]HFK QDWLRQDO VXSHUFRPSXWLQJ FHQWHU ,7,QQRYDWLRQV $V D EDVLV RI WKH V\VWHP VHYHUDO RSHQ
VRXUFH SURMHFWV ZHUH GHSOR\HG LQFOXGLQJ 0\64/EDVHG EXUVW PHWDGDWDEDVH 78 /HHGV ,6&( 7236
3URFHVVRU 1$6$-3/ 'RULV FRUHJLVWUDWLRQ DOJRULWKP 78 'HOIW DQG 6WD036 6PDOO %DVHOLQHV SURFHVVRU
6WDQIRUG 8QLYHUVLW\ 7KRXJK PRUH IXQFWLRQDOLW\ FDQ EH UDSLGO\ GHYHORSHG LQFRUSRUDWLQJ VRPH RI WKH RZQ
SRVWSURFHVVLQJ DOJRULWKPV HYHQ FXUUHQW HDUO\ YHUVLRQ RI WKH V\VWHP FDQ \LHOG LQWHUHVWLQJ UHVXOWV E\ D IXOO\
DXWRPDWLF SURFHVVLQJ FKDLQ
.H\ZRUGV 6$5 ,QWHUIHURPHWU\ &RSHUQLFXV 6HQWLQHO +3& GLVSODFHPHQWV PRQLWRULQJ
,1752'8&7,21
7KH UROH RI JHRLQIRUPDWLFV LV WR JLYH DQ LQIRUPDWLRQ DERXW RXU UHDO ZRUOG LQ D VSDWLDO PRGHO %\ DGRSWLQJ
WHPSRUDO LQIRUPDWLRQ D IRXU GLPHQVLRQ PRGHO LV FUHDWHG GHVFULELQJ G\QDPLF FKDQJHV RI D VSHFLILF
SDUDPHWHU 6DWHOOLWH UHPRWH VHQVLQJ RIIHUV DSSURSULDWH LQSXW GDWD WR SUHSDUH VXFK PRGHO 7HUUDLQ G\QDPLFV
FDQ EH REVHUYHG E\ VDWHOOLWH UDGDU 6$5 LQWHUIHURPHWU\ ,Q6$5 (XURSHDQ SURJUDPPH &RSHUQLFXV KDV
GHYHORSHG DQG VHQW WR RUELW D (XURSHDQ 6$5 VDWHOOLWH 6HQWLQHO$ LQ $SULO  DQG LWV WZLQ 6HQWLQHO% LQ
$SULO  7KHVH WZR VDWHOOLWHV IO\ LQ D V\QFKURQL]HG RUELW DQG DFTXLUH ,Q6$5UHDG\ LPDJHV RI DQ\ (XURSHDQ
DUHD HYHU\ VL[ GD\V 7KH JURXQG UHVROXWLRQ LV PRGHUDWH DURXQG [ P SHU SL[HO LQ FRPSDULVRQ ZLWK HJ
7HUUD6$5; VDWHOOLWH WKDW RIIHUV D UHVROXWLRQ RI HYHQ  FPSL[HO %XW WKH IUHTXHQW UHYLVLWV JOREDO FRYHUDJH
DQG HVSHFLDOO\ RSHQ DFFHVV PDNHV WKH GDWD YHU\ GHPDQGHG LQ WKH ,Q6$5 FRPPXQLW\ 8VLQJ UDGLR ZDYHV RI
 FP ZDYHOHQJWK LW KDV D PRGHUDWH VHQVLWLYLW\ WR YHJHWDWLRQ DQG D SRWHQWLDO WR LGHQWLI\ GLVSODFHPHQWV RI
VWUXFWXUHV RU WHUUDLQ LQ D PDJQLWXGH RI GRZQ WR IHZ PLOOLPHWHUV SHU \HDU
9DULRXV ZRUNV KDYH DOUHDG\ VKRZQ WKH SRWHQWLDO RI 6HQWLQHO LQWHUIHURPHWU\ DQG YDULRXV JURXSV SUHSDUH
QDWLRQDO ,Q6$5EDVHG PDSV DQG V\VWHPV QRZDGD\V 'HKOV -  .DOLD $  :LWK WKH FRQILUPDWLRQ
RI &]HFK HLQIUDVWUXFWXUH &(61(7 DERXW DFWLYH SDUWLFLSDWLRQ DQG SUHSDUDWLRQ RI D &]HFK *URXQG 6HJPHQW WR
VXSSRUW &RSHUQLFXV SURJUDPPH D VLPLODU JRDO LV DFKLHYDEOH DOVR LQ &]HFKLD &XUUHQW H[SHULPHQWV IRU ,Q6$5
EDVHG LGHQWLILFDWLRQ RI ODQGVOLGH KD]DUG /D]HFN\ HW DO D EULGJH GLVSODFHPHQWV /D]HFN\ HW DO E
RU VXEVLGHQFH RI XQGHUPLQHG ]RQHV /D]HFNê HW DO  GHPRQVWUDWH D UHDOLVWLF SRWHQWLDO IRU 6HQWLQHO
DSSOLFDWLRQV DV ZHOO DV LWV OLPLWV LQ WKH &]HFK QDWXUDO FRQGLWLRQV $ VHPLDXWRPDWLF 6HQWLQHO ,Q6$5
SURFHVVLQJ V\VWHP 6HQWLQHORVKND LV DOUHDG\ IXQFWLRQDO DQG KRVWHG LQ WKH &]HFK QDWLRQDO VXSHUFRPSXWLQJ
FHQWHU ,7,QQRYDWLRQV 7KH DLP RI WKLV V\VWHP LV WR JHQHUDWH SXEOLFO\ DYDLODEOH PDSV RI WHUUDLQ GLVSODFHPHQWV
EDVHG RQ WKH VDWHOOLWH PHDVXUHPHQWV 7KLV ZLOO KHOS WR LQFUHDVH NQRZOHGJH RI SXEOLF DERXW WKH VLWXDWLRQ LQ
WKHLU RZQ QHLJKERXUKRRG DQG SRWHQWLDOO\ WR DYRLG ULVNV RI XQNQRZQ KD]DUGRXV VLWXDWLRQV
6(17,1(/26+.$ ± 7+( 352&(66,1* 6<67(0
7KH QDPH RI WKH V\VWHP LQWURGXFHV LQIRUPDWLRQ WKDW LW LV VSHFLDOL]HG LQ SURFHVVLQJ RI RQO\ 6HQWLQHO LPDJHV
&XUUHQWO\ WKH V\VWHP LQYROYHV VWHSV GUDIWHG LQ )LJ  )LUVW D V\VWHP GHGLFDWHG WR SUHSURFHVVLQJ UXQQLQJ DW
&(61(7 LQIUDVWUXFWXUH LGHQWLILHV 6HQWLQHO LPDJHV VWRUHG LQ D GHGLFDWHG VWRUDJH EDVHG RQ WKH LQSXW RI
FRRUGLQDWHV RI WKH DUHD RI LQWHUHVW $2, 7KHVH LPDJHV DUH VRUWHG EDVHG RQ WKHLU UHODWLYH RUELW LGHQWLILHU
HQVXULQJ LQWHUIHURPHWULF FRQVLVWHQFH $IWHUZDUGV WKH 6HQWLQHO VXELPDJHV FDOOHG EXUVWV DUH H[SORLWHG DQG
SUHSURFHVVHG E\ LQFOXGLQJ SUHFLVH RUELWDO GDWD DQG FDOLEUDWLQJ WKH LPDJH LQWHQVLW\ 2QFH SUHSURFHVVHG WKH
EXUVW ILOHV RI HDFK UHODWLYH RUELW VWDFN DUH VHQW WR WKH ,7,QQRYDWLRQV +LJK 3HUIRUPDQFH &RPSXWLQJ +3&
IDFLOLW\ IRU WKH PDLQ SURFHVVLQJ
7KH +3& SDUW RI WKH 6HQWLQHORVKND V\VWHP SHUIRUPV VHULHV RI RSHUDWLRQV IRU HDFK UHODWLYH RUELW VWDFN ,Q WKH
ILUVW VWDJH GLIIHUHQWLDO LQWHUIHURJUDPV DUH JHQHUDWHG IRU WKH QHW RI WHPSRUDOO\ VKRUW FRQQHFWLRQV EHWZHHQ DOO
LPDJHV 7ZR WHPSRUDOO\ VXFFHVVLYH LPDJHV DUH XVHG LQ FRPELQDWLRQ ZLWK HDFK LPDJH LQ WKH VWDFN 7KH VKRUW
WHPSRUDO EDVHOLQHV RI LQWHUIHURPHWULF FRQQHFWLRQV RI PD[LPDOO\  GD\V HQVXUH RYHUDOO KLJK FRKHUHQFH
RIWHQ ZLWK DV PLQLPDO LQIOXHQFH RI YHJHWDWLRQ LQ QRQXUEDQ DUHDV DV SRVVLEOH 7KLV VWUDWHJ\ LV JHQHUDOO\
QDPHG 6PDOO %DVHOLQHV ,QWHUIHURPHWU\ 6% ,Q6$5 $IWHU JHQHUDWLRQ RI LQWHUIHURJUDPV WKH\ DUH SUHFLVHO\ FR
UHJLVWHUHG WR D FRPPRQ IUDPHZRUN DQG RSWLRQDOO\ ILOWHUHG E\ D VHOHFWHG VSDWLDO ILOWHU HJ *ROGVWHLQ ILOWHU
)LQDOO\ WKH\ DUH VHQW WR DQ 6% ,Q6$5 SURFHVVRU LQ RUGHU WR SHUIRUP DGYDQFHG HVWLPDWLRQ DQG UHPRYDO RI
HUURU VRXUFHV DQG WR DFKLHYH WLPH VHULHV LQIRUPDWLRQ DERXW WKH SURJUHVV RI GLVSODFHPHQWV RI VHOHFWHG SRLQWV
7KH ZKROH SURFHVVLQJ FKDLQ LV EDVHG RQ VSHFLILF RSHQVRXUFH FRGHV VXFK DV 2SHQ6$5NLW 9ROOUDWK $ HW DO
 'RULV .DPSHV HW DO  ,6&( =HENHU +$ HW DO  67$036 +RRSHU  75$,1
%HNDHUW ' 3 6 HW DO  DQG /L&6 GDWDEDVH /L HW DO 
$IWHU WKH EDVLF SURFHVVLQJ VHYHUDO SRVWSURFHVVLQJ PHFKDQLVPV ZHUH LPSOHPHQWHG 7KH PDLQ WZR
DOJRULWKPV DOORZ D ODQGVOLGH LGHQWLILFDWLRQ /D]HFN\ HW DO D DQG E GLVWLQJXLVKLQJ EHWZHHQ YHUWLFDO DQG
KRUL]RQWDO FRPSRQHQWV RI WKH GLVSODFHPHQW YHFWRU 6DPLHLH(VIDKDQ\ HW DO  7KHVH DOJRULWKPV DUH
EDVHG RQ ZD\V RI D UHFRPSXWDWLRQ RI GLVSODFHPHQWV LGHQWLILHG LQ WKH VDWHOOLWH OLQH RI VLJKW /26 IURP DOO WKH
LQSXW VDWHOOLWH WUDFNV ,Q D FDVH RI ODQGVOLGH LGHQWLILFDWLRQ WKH GLVSODFHPHQWV DUH UHFRPSXWHG LQWR WKH GLUHFWLRQ
RI VORSH ZKLOH GHFRPSRVLWLRQ DOJRULWKP DVVXPHV WKH H[LVWHQFH RI REMHFWV REVHUYHG IURP DW OHDVW WZR
RSSRVLWH RUELWDO WUDFNV WKDW DOORZ GLVWLQJXLVKLQJ EHWZHHQ KRUL]RQWDO DQG YHUWLFDO PRYHPHQW 5HVXOWV RI XVLQJ
ERWK DOJRULWKPV DUH XQGHU YDOLGDWLRQ VWDJH
)LJ  %DVLF IUDPHZRUN RI 6HQWLQHORVKND SURFHVVLQJ FKDLQ 6HQWLQHO GDWD RYHU VHOHFWHG DUHD DUH FURSSHG
DQG SUHSURFHVVHG LQ &(61(7 HQYLURQPHQW XSSHU ILJXUH ,QWHUIHURJUDPV DUH JHQHUDWHG UHVDPSOHG LQWR D
FRPPRQ IUDPH DQG XVHG IRU 6% SURFHVVLQJ LQ WKH ,7,QQRYDWLRQV +3& HQYLURQPHQW PLGGOH ILJXUH 5HVXOWV
IURP 6% ,Q6$5 SURFHVVLQJ DUH YLVXDOL]HG DQG SRVWSURFHVVHG HJ IRU VXEVLGHQFH PRQLWRULQJ RU D ODQGVOLGH
LGHQWLILFDWLRQ ORZHU ILJXUH
'((3(5 ,16,*+7 ,172 352&(66,1* 67(36
&(61(7 3UHSURFHVVLQJ &ORXG 2QFH ODWLWXGH DQG ORQJLWXGH FRRUGLQDWHV RI $2, FRUQHUV DUH JLYHQ WKH VFULSW
ZLOO VHQG DQ 64/ TXHU\ WR 0\64/ GDWDEDVH EDVHG RQ /L&6 VROXWLRQ /L HW DO  7KLV GDWDEDVH OLQNV
H[LVWLQJ 6HQWLQHO 6/& ]LS ILOHV WKHUH ZHUH GRZQORDGHG EHIRUHKDQG DQG UHFRJQL]HV EXUVWV ZLWKLQ WKHVH ILOHV
7KH 64/ TXHU\ UHWXUQV VHW RI 6HQWLQHO ]LS ILOHV WKDW LQFOXGH EXUVWV FRYHULQJ WKH $2, DQG VRUWV LW DFFRUGLQJ
WR UHODWLYH RUELW WUDFN QXPEHU ,I WKH QXPEHU RI LPDJHV LV ORZHU WKDQ WKH GHIDXOW YDOXH RI  WKLV UHODWLYH RUELW
LV GURSSHG IURP IXUWKHU SURFHVVLQJ $IWHUZDUGV IRU DOO WKH UHODWLYH RUELWV WUDFNV LWV LPDJHV DUH SUHSURFHVVHG
LH EXUVWV RYHUODSSLQJ $2, DUH H[WUDFWHG )RU WKLV SXUSRVHV ,6&( DOJRULWKPV RI WRSV$SSS\ VFULSW KDV EHHQ
DGDSWHG WR DOORZ SHUIRUPLQJ ILUVW WZR VWHSV RI LWV ZRUNIORZ $JUDP HW DO  IRU D VLQJOH LPDJH RQO\
$GGLWLRQDOO\ WKH ODWHVW 6570 LQ  DUFVHF UHVROXWLRQ LV DXWRPDWLFDOO\ GRZQORDGHG $OO UHODWLYH RUELW IROGHUV DUH
XSORDGHG WR WKH +3& VHUYHU FRQWLQXRXVO\ ZLWK WKH SURFHVVLQJ
+3& 3URFHVVLQJ 2QFH D UHODWLYH RUELW IROGHU LV XSORDGHG WKH LPDJHV DUH FRPELQHG LQ 6% ZD\ ± HYHU\ LPDJH
H[FHSW IRU ILUVW DQG ODVW RQH LV FRQQHFWHG ZLWK WKUHH RWKHU WHPSRUDOO\ FORVH LPDJHV ,6&( LV FDOOHG IRU HDFK
FRQQHFWLRQ WR SHUIRUP DOO WKH VWHSV WR JHQHUDWH PHUJHG LQWHUIHURJUDP IRU DOO WKH XSORDGHG EXUVWV ± RQO\ DIWHU
VXFFHVVIXO LQWHUIHURJUDP JHQHUDWLRQ WKLV LQWHUIHURJUDP LV FURSSHG WR WKH $2, ERXQGLQJ ER[ LQFOXGLQJ D 
EXIIHU ]RQH DURXQG LW 7KLV SURFHVVLQJ LV GLVWULEXWHG WR FRPSXWLQJ QRGHV E\ 3%6 VFKHGXOHU VLQFH LW LV WLPH
DQG FRPSXWDWLRQDOO\ H[WHQVLYH
2QFH D JHQHUDWLRQ RI DOO LQWHUIHURJUDPV LV ILQLVKHG D FKHFN LV SHUIRUPHG GURSSLQJ XQVXFFHVVIXOO\ JHQHUDWHG
FRPELQDWLRQV LQ H[WUHPH FDVH FXWWLQJ WKH GDWDVHW LQWR FRQVLVWHQW FKXQNV 7KHQ D PDVWHU LPDJH LV VHOHFWHG LQ
WKH PLGGOH RI WKH GDWDVHW DQG DOO RWKHU LQWHUIHURJUDPV DUH FRUHJLVWHUHG WR LW XVLQJ 'RULV ± WKH 'RULV
SURFHVVLQJ KDV EHHQ SDUDOOHOL]HG IRU HDFK LQWHUIHURJUDP SHU SURFHVVLQJ FRUH 2QO\ DIWHU WKH FRUHJLVWUDWLRQ
WKH LQWHUIHURJUDPV DUH FURSSHG WR WKH ILQDO ERXQGLQJ ER[ VSDWLDOO\ ILOWHUHG XVLQJ *ROGVWHLQ ILOWHU DQG H[SRUWHG
WR WKH 67$036 SURFHVVLQJ VWUXFWXUH )LQDOO\ WKH 67$036 SURFHVVLQJ LV SHUIRUPHG EDVHG RQ XQLYHUVDOO\
VHOHFWHG SDUDPHWHUV 6HYHUDO RZQ VFULSWV UHODWHG WR QRLVH ILOWHULQJ DQG SRLQWV SUHVHOHFWLRQ DV ZHOO DV 75$,1
DWPRVSKHUH FRUUHFWLRQ WRROER[ %HNDHUW HW DO  DUH LQFOXGHG LQ RUGHU WR PD[LPDOO\ LQFUHDVH WKH
SURFHVVLQJ SHUIRUPDQFH 7KH ILQDO UHVXOW LQFOXGLQJ FRKHUHQFH TXDOLW\ SDUDPHWHU LV H[SRUWHG LQWR D &69 ILOH
UHDG\ WR EH ORDGHG LQWR D *,6 VRIWZDUH HJ 4XDQWXP *,6 XVLQJ JL6$5 WRROER[ *XLPDUDHV 3 DQG /D]HFN\
0 
2SWLRQDOO\ D VFULSW XVLQJ *'$/ OLEUDU\ LV SUHSDUHG WR FRQYHUW WKH RXWSXW IRUPDW LQWR DQ (65, 6KDSHILOH IRUPDW
DQG WR LQWHUSRODWH PHDQ YHORFLW\ YDOXHV LQWR D UDVWHU ILOH )RU ODQGVOLGH LGHQWLILFDWLRQ RQO\ SRLQWV DW VORSHV DUH
VHOHFWHG DQG WKHLU YHORFLW\ PRGHO LV UHFRPSXWHG WRZDUGV VORSH GLUHFWLRQ QHJOHFWLQJ 16 GLUHFWLRQ DQG
OD\RYHU DUHDV GXH WR ,Q6$5 EOLQG ]RQHV /D]HFN\ HW DO  2QFH DOO UHODWLYH RUELW GLUHFWRULHV DUH
SURFHVVHG WKH UHVXOWV DUH PHUJHG XVLQJ WKH GHFRPSRVLWLRQ DOJRULWKP
(;$03/( &$6( 678'< 2675$9$.$59,1$ 5(*,21
$V WKH FDVH VWXG\ 2VWUDYD.DUYLQD UHJLRQ KDV EHHQ VHOHFWHG 7KLV UHJLRQ LV DIIHFWHG E\ D ORQJWHUP EODFN
FRDO PLQLQJ :KLOH PLQHV LQ 2VWUDYD GLVDSSHDUHG DIWHU WKHLU FORVXUHV LQ V WKHUH DUH VWLOO PLQHV DFWLYH LQ
.DUYLQD UHJLRQ FDXVLQJ VXEVLGHQFH DQG RWKHU PLQLQJLQGXFHG SUREOHPV LQ WKH UHJLRQ HJ LQFUHDVHG
SUHVHQFH RI PHWKDQH LQ WKH ORZ DWPRVSKHUH ([WHQWV DQG G\QDPLFV RI VXEVLGHQFH WURXJKV DUH HDVLO\
LGHQWLILDEOH IURP FODVVLF ,Q6$5 SURFHVVLQJ PXOWLWHPSRUDO LQWHUIHURPHWU\ DOORZV DQ HDV\ LGHQWLILFDWLRQ RI
FRQWLQXRXV GLVSODFHPHQW RI VLPSOH VWUXFWXUHV HVSHFLDOO\ KRXVHV /D]HFN\ HW DO  ([SHFWHG UHVXOWV
ZHUH DFKLHYHG DOVR XVLQJ WKH 6HQWLQHORVKND V\VWHP LQ WKH DXWRPDWLF ZD\ 6XEVLGHQFH DUHDV LQ WKH PLQH
VXUURXQGLQJV ZHUH GHWHFWHG DQG WKHLU UDWH HVWLPDWHG 'LVSODFHPHQWV RI EXLOGLQJV LQ WKH HGJH RI XUEDQL]HG
DUHDV ZHUH LGHQWLILHG
,Q WRWDO  6HQWLQHO LPDJHV KDYH EHHQ VHOHFWHG RYHU 2VWUDYD.DUYLQD UHJLRQ IURP IRXU GLIIHUHQW RUELWDO
WUDFNV WZR IURP GHVFHQGLQJ 1!6 WZR IURP DVFHQGLQJ SDVVHV 6!1 7KH LPDJHV ZHUH WDNHQ GXULQJ WKH
SHULRG RI  WKH VHOHFWHG ]RQH RI LQWHUHVW FRQWDLQHG DUHD RI DURXQG [ NP 6HYHUDO
LPDJHV KDYH EHHQ DXWRPDWLFDOO\ GURSSHG GXH WR SUREOHPV ZLWKLQ WKH SUHSURFHVVLQJ VWDJH 7KH 6% ,Q6$5
SURFHVVLQJ KDV EHHQ SHUIRUPHG VHSDUDWHO\ IRU HDFK GDWD VWDFN 7ZR RI WKH GDWD VWDFNV VKRZHG ODUJH
LQFRQVLVWHQFLHV DQG WKHLU UHVXOWV ZHUH QRW WDNHQ LQWR DFFRXQW $SSOLHG VRIWZDUH 67$036 LV FDSDEOH RI ILQH
WXQLQJ WKH LQWHUVWHSV RI WKH SURFHVVLQJ +RZHYHU VLQFH WKH H[SHULPHQW GHDOV ZLWK WKH SRVVLELOLW\ RI IXOO\
DXWRPDWLF SURFHVVLQJ FKDLQ LW ZDV GHFLGHG WR GURS WKH ZKROH HUURQHRXV GDWDVHWV IURP IXUWKHU FRQVLGHUDWLRQ
LQVWHDG RI PDQXDO DWWHPSWV WR FRUUHFW WKHP
$OO WUDFNV VKRZ VLPLODU UHVXOWV DIWHU 6% SURFHVVLQJ ± WKH HVWLPDWHG PRGHOV DUH FRQVLVWHQW WKHUHIRUH WKH
UHVXOWV FDQ EH FRQVLGHUHG UHOLDEOH ,Q WRWDO  LQWHUIHURJUDPV ZHUH JHQHUDWHG IURP WKH GDWD VWDFN 7KH
SURFHVVLQJ WRRN  KRXUV KRZHYHU SDUW RI WKH SURFHVVLQJ WLPH ZDV ILOOHG E\ ZDLWLQJ LQ WKH TXHXH IRU
SURFHVVLQJ WDVNV LQ WKH +3& TXHU\LQJ V\VWHP
)RU YLVXDOL]DWLRQ SXUSRVHV D VSHFLDOL]HG WRROER[ ZDV SUHSDUHG DV D 3\WKRQ H[WHQVLRQ WR 4XDQWXP *,6
JL6$5 *XLPDUDHV 3 DQG /D]HFN\ 0  ,W DOORZV LPSRUWLQJ SURFHVVLQJ UHVXOWV LQWR WKH *,6
HQYLURQPHQW DEOH WR SHUIRUP SRVWSURFHVVLQJ IXQFWLRQV VXFK DV SORWWLQJ WLPH VHULHV RI D VHOHFWHG SRLQW RU
LQWHUSRODWLRQ HWF 7KH JL6$5 LV D EDVLF RSHQVRXUFH WRRO GHYHORSHG DV D FRQQHFWRU EHWZHHQ KHDY\
SURFHVVLQJ FKDLQ V\VWHP RI 366% ,Q6$5 DQG WKH ZRUOG RI *,6 IRU DQ HIIHFWLYH ZRUN ZLWK JHRVSDWLDO GDWD
7KH FXUUHQWO\ H[LVWLQJ YHUVLRQ RIIHUV DQ LPSRUW RI ,Q6$5SURFHVVHG GDWD LQ D FRPPDVHSDUDWHG WH[W ILOH
IRUPDW &69 DQG D EDVLF VHWWLQJ RI D JUDSKLFDO UHSUHVHQWDWLRQ RI JHRUHIHUHQFHG 366% SRLQWV LQ WKH
HQYLURQPHQW RI 4XDQWXP *,6 RSHQVRXUFH VRIWZDUH VHH )LJ  7KH IXWXUH YHUVLRQ VKRXOG DOORZ DQ HDVLHU
DFFHVV WR VHOHFWHG SURFHVVLQJ WRROV DOUHDG\ DYDLODEOH LQ 4XDQWXP *,6 RU LWV RWKHU WRROER[HV *UDSKLFDO
RXWSXW RI WKLV WRRO LV YLVLEOH LQ )LJ  ZLWK 2SHQ6WUHHW0DS DQG )UHH*HRGDWD&= DV WKH EDFNJURXQG OD\HUV
1RQH[SHUW XVHUV ZRXOG SUHIHU .0/ ILOH SORWWLQJ WKH UHVXOWV LQ ZLGHVSUHDG *RRJOH (DUWK IUDPHZRUN )RU D
FHQWUDOL]HG VROXWLRQ KRZHYHU WKH RSWLPDO GLVVHPLQDWLRQ RI UHVXOWV LV WR EH SURYLGHG E\ D ZHE PDS
HQYLURQPHQW HJ EDVHG RQ *HRVHUYHU
)LJ  %DVLF ZLQGRZ RI 4XDQWXP *,6 JL6$5 WRROER[ RIIHULQJ SUHOLPLQDU\ IXQFWLRQDOLW\ RI LPSRUWLQJ ,Q6$5
EDVHG &69 ILOH DV *,6 OD\HUV
7KH )LJ  VKRZV WKH EDVLF UHVXOW ± D PDS RI D PHDQ /26 YHORFLW\ RI GLVSODFHPHQWV 6XEVLGHQFH DW
XQGHUPLQHG DUHDV ZDV SURSHUO\ LGHQWLILHG DQG LWV UDWH ZDV HVWLPDWHG WKRXJK WKH DFFXUDF\ FDQ EH ORZHU GXH
WR D OHVV DFFXUDWH 6% ,Q6$5 PHWKRG XVHG KHUH $Q H[DPSOH RI GHFRPSRVLWLRQ LV SURYLGHG LQ )LJ  EDVHG
RQ VPDOO DUHD SURFHVVLQJ RI UHODWLYH RUELWV  DQG 
)LJ  0HUJHG DXWRPDWLF 6% ,Q6$5 UHVXOW RI GHVFHQGLQJ UHODWLYH RUELWV  DQG  VKRZLQJ VXEVLGHQFH LQ
.DUYLQD UHJLRQ UHG ER[ DQG DURXQG 3DVNRY PLQH EOXH ER[ GDWD IURP 
)LJ  'HFRPSRVLWLRQ RI GLVSODFHPHQW GLUHFWLRQ IURP GDWD RI GHVFHQGLQJ DQG DVFHQGLQJ WUDFNV /RFDWLRQ LV
DW WKH PLQLQJ VLWH RI &6$ 0LQH .DUYLQD
',6&866,21
6HQWLQHO LV EHFRPLQJ YHU\ SRSXODU DV WKH QHZ JHQHUDWLRQ RI ,Q6$5FDSDEOH VDWHOOLWHV HVSHFLDOO\ WKDQNV WR
KLJK UHYLVLW UDWH JOREDO DUFKLYHG FRYHUDJH DQG WKH RSHQ DFFHVV WR WKH GDWD ,W VWLOO LV OLPLWHG GXH WR SK\VLFDO
FRQVWUDLQWV NQRZQ WR HYHU\ &EDQG 6$5 V\VWHP 7KH 6% ,Q6$5 WULHV WR FRPSHQVDWH WKH PDMRU SUREOHP WKDW
LV WKH WRWDO ORVV RI VLJQDO FRKHUHQFH LQ WKH FDVH RI SUHVHQFH RI YHJHWDWLRQ 7KRXJK  RU  GD\V LV UHODWLYHO\
VKRUW WLPH WKH VLJQDO LV VWLOO GHFRUUHODWHG E\ WKH YHJHWDWLRQ ,W ZDV IRXQG RXW WKDW DQ H[FHSWLRQ H[LVWV GXULQJ
WKH VHDVRQV RI GLPLQLVKHG YHJHWDWLRQ DFWLYLW\ VXFK DV HDUO\ VSULQJ RU ODWH DXWXPQ :LQWHU SHULRG LV FRYHUHG
E\ DQRWKHU VRXUFH RI GHFRUUHODWLRQ WKDW LV D VQRZ 7KH FXUUHQW YHUVLRQ RI WKH V\VWHP LV EDVHG RQ 6% ,Q6$5
WKDW GRHV QRW GLVWLQJXLVK VHDVRQDO FRKHUHQFH 7KH DOJRULWKP XVHV VSDWLDO LQIRUPDWLRQ EHWZHHQ VHOHFWHG
SRLQWV LQFOXGLQJ XQVWDEOH SRLQWV LQ YHJHWDWHG DUHDV ZRXOG FDXVH HUURUV WKDW PD\ SURSDJDWH LQWR RULJLQDOO\
VWDEOH SRLQWV 7KHVH DQG RWKHU WHFKQLFDO LVVXHV NHHS 6HQWLQHO DQG ,Q6$5 JHQHUDOO\ IURP WKH VWDWH RI D
UHOLDEOH WHFKQLTXH IRU PRQLWRULQJ WHUUDLQ GLVSODFHPHQWV WKRXJK WKH WKHRUHWLFDO DFFXUDF\ RI PHDVXUHPHQWV
XVLQJ WKLV WHFKQRORJ\ LV DURXQG  PP\HDU XVLQJ SHUVLVWHQW VFDWWHUHUV 36EDVHG WHFKQLTXHV 7KH 6% ,Q6$5
KDV EHHQ FKRVHQ KHUH IRU WKH SRVVLELOLW\ RI LGHQWLILFDWLRQ RI PRYHPHQWV LQ QRQXUEDQ DUHDV WKRXJK ZLWK ORZHU
SUHFLVLRQ HVSHFLDOO\ GXH WR WKH PHUJLQJ RI D VKRUW WHPSRUDO LQIRUPDWLRQ LQ RUGHU WR FRPSXWH D ORQJ WHPSRUDO
GLVSODFHPHQW YDOXH 7KHUH LV D ORW RI IXUWKHU ZRUN QHHGHG LQWR WKH GHYHORSPHQW RI D VHDVRQEDVHG ,Q6$5
SURFHVVRU WKDW ZRXOG LQGLFDWH PRYHPHQWV DOVR LQ GHQVHO\ YHJHWDWLRQFRYHUHG DUHDV ,W LV LQ WKH SODQ WR XVH
SRODULPHWULF IRRWSULQWV WKDW ZRXOG GLVWLQJXLVK WKH YHJHWDWLRQ FRYHU 'RQJD HW DO  VLQFH 6HQWLQHO LV
XVLQJ ERWK FRSRODUL]HG DQG FURVVSRODUL]HG ZDYH EDFNVFDWWHU LQIRUPDWLRQ RU DW OHDVW VRPH RWKHU SXEOLF
DYDLODEOH GDWD VXFK DV PRGHUDWHUHVROXWLRQ ODQG FRYHU PDSV <HW WKH ZRUN GHPRQVWUDWHV WKDW WKH DXWRPDWLF
V\VWHP LV FXUUHQWO\ DEOH WR HYDOXDWH GLVSODFHPHQWV RYHU VROLG VWUXFWXUHV EXLOGLQJV WUDQVSRUWDWLRQ VWUXFWXUHV
HWF DQG QRQFXOWLYDWHG JUDVV ODQGV RU VSDUVHO\ YHJHWDWHG DUHDV
&21&/86,216
:H GHPRQVWUDWH WKH SRWHQWLDO RI 6HQWLQHO IRU PRQLWRULQJ RI ODQG G\QDPLFV LQ WKLV DQG SUHYLRXV ZRUNV $UHDV
VSDUVHO\ FRYHUHG E\ YHJHWDWLRQ FDQ EH HYDOXDWHG XVLQJ D IXOO\ DXWRPDWLF FKDLQ DV SUHSDUHG ZLWKLQ
6HQWLQHORVKND V\VWHP /D]HFN\ 0  7KH FXUUHQW SUHOLPLQDU\ YHUVLRQ RI WKH V\VWHP DOORZV WR DFKLHYH
RQO\ D VWDWLF PDS GHVFULELQJ WHPSRUDO FKDQJHV RI D VHOHFWHG DUHD :H FRQVLGHU LW LPSRUWDQW WR PDNH VXFK
PDS SXEOLFO\ DYDLODEOH ZKLOH LW PXVW EH QRWHG WKDW WKH UHOLDELOLW\ RI UHVXOWV LV GHSHQGLQJ RQ ORFDO FRQGLWLRQV
DQG WKH LQWHUSUHWDWLRQ RI VKRZQ UHVXOWV LV WR EH NHSW ZLWKLQ WKH KDQGV RI DQ H[SHUW +RZHYHU D SXEOLF
IHHGEDFN LV QHFHVVDU\ LQ RUGHU WR SHUIRUP DSSURSULDWH VWHSV WRZDUGV VSHFLILF DUHDV RU VWUXFWXUHV
)XUWKHU VWHSV RI WKH V\VWHP GHYHORSPHQW LQFOXGH D VSHFLDO ZD\ WR VWRUH 6HQWLQHO GDWD WKDW ZRXOG DOORZ DQ
HIIHFWLYH DXWRPDWLF V\VWHP IRU G\QDPLF REVHUYDWLRQV RI XSWRGDWH GLVSODFHPHQWV RI WHUUDLQ RU VWUXFWXUHV ,Q
FDVH RI QHHG VXFK G\QDPLF LPSOHPHQWDWLRQ ZRXOG DOORZ IDVW DVVHVVPHQW RI GHIRUPDWLRQV DQG FRXOG SURYLGH
LPSRUWDQW LQIRUPDWLRQ IRU ULVN LGHQWLILFDWLRQ %DVHG RQ WKH LQQRYDWLYH GDWD VWRUDJH ZH ZLOO EH DEOH WR
LPSOHPHQW DOVR PRUH UHOLDEOH SURFHVVLQJ WHFKQLTXHV VXFK DV SHUVLVWHQW VFDWWHUHUV 36 RU SDUWLDOO\ FRKHUHQW
36 WHFKQLTXH 6XFK VWRUDJH ZLOO EH XVHG DOVR IRU QRQLQWHUIHURPHWULF 6$5 SURFHVVLQJ XVLQJ D UDGDU
EDFNVFDWWHULQJ FRHIILFLHQW RI 6$5 LPDJHV 7KLV ZLOO DOORZ DXWRPDWL]HG SURFHVVLQJ OHDGLQJ WR HJ FXUUHQW IORRG
PDSV WLPH VHULHV XVHIXO IRU D FKDQJH GHWHFWLRQ IRUHVW ORVV DJULFXOWXUH PRQLWRULQJ VRLO PRLVWXUH PDSV HWF
7KH FXUUHQW VWDWH RI GHVFULEHG V\VWHP LV VWLOO LQ D SUHOLPLQDU\ VWDJH ZLWK WKH GHYHORSPHQW FRQWLQXRXVO\
RQJRLQJ 7KH PDLQ WDUJHW LV WR JHQHUDWH UHOLDEOH PDSV RI DFWLYH ODQG GLVSODFHPHQWV RYHU WKH ZKROH &]HFKLD
DQG VKDUH WKHP SXEOLFO\ ZLWKLQ DQ DSSURSULDWH IUDPHZRUN  WKH &]HFK &ROODERUDWLYH *URXQG 6HJPHQW VKRXOG
SURYLGH VXFK IUDPHZRUN DQG SXEOLF LQWHUDFWLYH PDSV DUH EHLQJ NHSW DV D WRSLF XQGHU RQJRLQJ GLVFXVVLRQ
$&.12:/('*0(176
7KLV ZRUN ZDV VXSSRUWHG E\ 7KH 0LQLVWU\ RI (GXFDWLRQ <RXWK DQG 6SRUWV IURP WKH 1DWLRQDO 3URJUDPPH RI
6XVWDLQDELOLW\ 138 ,, SURMHFW Ä,7,QQRYDWLRQV H[FHOOHQFH LQ VFLHQFH  /4³ DQG IURP WKH /DUJH
,QIUDVWUXFWXUHV IRU 5HVHDUFK ([SHULPHQWDO 'HYHORSPHQW DQG ,QQRYDWLRQV SURMHFW Ä,7,QQRYDWLRQV 1DWLRQDO
6XSHUFRPSXWLQJ &HQWHU ± /0³ $FFHVV WR FRPSXWLQJ DQG VWRUDJH IDFLOLWLHV RZQHG E\ SDUWLHV DQG
SURMHFWV FRQWULEXWLQJ WR WKH 1DWLRQDO *ULG ,QIUDVWUXFWXUH 0HWD&HQWUXP SURYLGHG XQGHU WKH SURJUDPPH
3URMHFWV RI /DUJH ,QIUDVWUXFWXUH IRU 5HVHDUFK 'HYHORSPHQW DQG ,QQRYDWLRQV /0 LV JUHDWO\
DSSUHFLDWHG $XWKRUV DUH JUDWHIXO WR UHVHDUFKHUV VKDULQJ WKHLU GHYHORSPHQW ZRUN HVSHFLDOO\ WHDP RI /HHGV
8QLYHUVLW\ OHG E\ 3URI $QGUHZ +RRSHU WKDW RIIHUHG FRGHV RI WKH /L&6 GDWDEDVH DQG 81$9&2 :,Q6$5 IRU
RSHQLQJ FRGHV RI ,6&( VRIWZDUH 7KH UHVHDUFK LV VXSSRUWHG E\ WKH 9â%  7HFKQLFDO 8QLYHUVLW\ RI 2VWUDYD
WKH )DFXOW\ RI 0LQLQJ DQG *HRORJ\ JUDQW SURMHFW &URZGVRXUFHG JHRGDWD 1R 63
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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%HNDHUW ' 3 6 :DOWHUV 5 - :ULJKW 7 - +RRSHU $ - DQG
3DUNHU ' -  6WDWLVWLFDO FRPSDULVRQ RI ,Q6$5 WURSRVSKHULF FRUUHFWLRQ
WHFKQLTXHV 5HPRWH 6HQVLQJ RI (QYLURQPHQW HNDHUW '36 :DOWHUV 5-
:ULJKW 7- +RRSHU $- DQG 3DUNHU '- 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 GRL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'HKOV -  7KH 1RUZHJLDQ QDWLRQDO JURXQG PRWLRQ VHUYLFH 
H[SHULHQFH IURP ILUVW \HDUV RI RSHUDWLRQ +DQQRYHU %*5  1RY 
'RQJD - ;LDR ; &KHQ % 7RUELFN 1 -LQ & =KDQJ * %LUDGDU &
 0DSSLQJ GHFLGXRXV UXEEHU SODQWDWLRQV WKURXJK LQWHJUDWLRQ RI 3$/6$5
DQG PXOWLWHPSRUDO /DQGVDW LPDJHU\ 5HPRWH 6HQVLQJ RI (QYLURQPHQW  SS
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*XLPDUDHV 3 DQG /D]HFN\ 0  JL6$5 4XDQWXP *,6 WRROER[
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JLWKXEFRPHVSLULWRF]JL6$5
+RRSHU $  $ PXOWLWHPSRUDO ,Q6$5 PHWKRG LQFRUSRUDWLQJ ERWK
SHUVLVWHQW VFDWWHUHU DQG VPDOO EDVHOLQH DSSURDFKHV *HRSK\VLFDO 5HVHDUFK
/HWWHUV 
.DOLD $  *URXQG 0RWLRQ 6HUYLFH *HUPDQ\ +DQQRYHU %*5  1RY

.DPSHV %0 +DQVVHQ 5) DQG 3HUVNL =  5DGDU LQWHUIHURPHWU\
ZLWK SXEOLF GRPDLQ WRROV ,Q 3URFHHGLQJV RI )5,1*( )UDVFDWL SS ܞ
/D]HFN\ 0 &RPXW )& +ODYDFRYD , DQG *XUERJD 6  3UDFWLFDO
$SSOLFDWLRQ RI 6DWHOOLWH%DVHG 6$5 ,QWHUIHURPHWU\ IRU WKH 'HWHFWLRQ RI
/DQGVOLGH $FWLYLW\ ,Q :0(66  SS ܞ
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
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/D]HFN\ 0 +ODYDFRYD , %DNRQ 0 6RXVD -- 3HULVVLQ ' DQG
3DWULFLR * E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/D]HFN¿ 0 -LU£QNRY£ ( DQG .DGOHÏ¯N 3  0XOWLWHPSRUDO PRQLWRULQJ
RI .DUYLQD VXEVLGHQFH WURXJK XVLQJ 6HQWLQHO DQG 7HUUD6DU; LQWHUIHURPHWU\
$FWD *HRG\Q *HRPDWHU  1R   SS ܞ '2,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/L = :ULJKW 7 +RRSHU $ &ULSSD 3 *RQ]DOH] 3 :DOWHUV 5
(OOLRWW - (EPHLHU 6 +DWWRQ ( DQG 3DUVRQV %  7RZDUGV ,Q6$5
HYHU\ZKHUH DOO WKH WLPH ZLWK 6HQWLQHO ,Q ,QWHUQDWLRQDO $UFKLYHV RI WKH
3KRWRJUDPPHWU\ 5HPRWH 6HQVLQJ DQG 6SDWLDO ,QIRUPDWLRQ 6FLHQFHV  ,6356
$UFKLYHV SS ܞ
6DPLHLH(VIDKDQ\ 6 +DQVVHQ 5 YDQ 7KLHQHQ9LVVHU . DQG 0XQWHQGDP
%RV $  2Q WKH HIIHFW RI KRUL]RQWDO GHIRUPDWLRQ RQ ,Q6$5 VXEVLGHQFH
HVWLPDWHV ,Q 3URFHHGLQJV RI WKH )ULQJH  :RUNVKRS (6$ 63 S
9ROOUDWK $ /LQGTXLVW ( -RQFNKHHUH , DQG 3HNNDULQHQ $ 
2SHQ )RULV 6$5 7RRONLW ܞ IUHH DQG RSHQ VRXUFH FRPPDQG OLQH XWLOLWLHV IRU
DXWRPDWL]HG 6$5 GDWD SUHSURFHVVLQJ ,Q (6$ /36  3UDJXH
=HENHU +$ +HQVOH\ 6 6KDQNHU 3 DQG :RUWKDP & 
*HRGHWLFDOO\ DFFXUDWH ,Q6$5 GDWD SURFHVVRU ,((( 7UDQVDFWLRQV RQ *HRVFLHQFH
DQG 5HPRWH 6HQVLQJ  ܞ
